monoxide (CO), tar, and nicotine; 8 however, it has been shown that individuals smoking waterpipes experience oral and systemic health conditions similar to cigarette smokers, such as periodontal disease, asthma, respiratory infections, hypertension, and persistent cough. 1, 8 In a clinical retrospective study, Javed et al. 1 showed that periodontal inflammation is worse in cigarette smokers (CS) and waterpipe smokers (WS) compared with never-smokers (NS). Interestingly, results showed no statistically significant difference in periodontal inflammatory parameters (plaque index [PI] , bleeding on probing [BOP] , probing depth [PD] , and marginal bone loss [MBL] ) between WS and CS. 1 The study concluded that waterpipe smoking is as hazardous to periodontal health as conventional cigarette smoking. Likewise, studies 9, 10 have also shown that smoking retards bone healing around dental implants and significantly increases risk of peri-implant crestal bone loss (CBL). In this regard, cigarette smoking is a classic risk factor for peri-implant diseases (peri-implant mucositis and peri-implantitis). 11, 12 To the authors' knowledge from indexed literature, there are no studies that have investigated peri-implant clinical and radiographic status among habitual WS. The authors hypothesize that: 1) peri-implant clinical and radiographic inflammatory parameters are worse in WS and CS compared with NS; and 2) there is no statistically significant difference in peri-implant inflammatory parameters between WS and CS. The aim of the present clinical retrospective study is to compare periimplant clinical and radiographic inflammatory parameters among CS, WS, and NS.
MATERIALS AND METHODS

Ethical guidelines
The study was approved by the Research Review Board of Jinnah Medical Centre, Karachi, Pakistan. Volunteering individuals were requested to read and sign a consent form, and written consent was obtained from patients before being included in the present study. All participants reserved the right to retire from the research study at any stage of investigation.
Study participants
From October of 2016 to February of 2017, a convenience sample case-control study was performed at the Department of Dentistry, Gina Medical Center, Karachi, Pakistan. Systemically healthy men who were either habitual WS, habitual CS, or had never used tobacco in any form (NS) were included. WS were defined as individuals who reported smoking solely waterpipes at least once daily for at least the last year. 1 CS were defined as individuals who reported smoking at least one cigarette daily for at least the last year. 13 NS were defined as individuals who reported to have never consumed tobacco in any form. [13] [14] [15] [16] Clinical and radiographic examinations were performed at the Department of Dentistry, Gina Medical Center, Karachi, Pakistan.
Inclusion and exclusion criteria
Inclusion criteria were as follows: 1) CS (group 1); 2) WS (group 2); and 3) NS (group 3). Exclusion criteria were as follows: 1) dual smokers (individuals smoking cigarettes and waterpipes); 2) patients with self-reported systemic conditions including diabetes mellitus (DM), human immunodeficiency virus infection or acquired immunodeficiency syndrome, cardiovascular diseases, hepatic disorders, and renal disease; 3) patients who were edentulous; 4) patients with crowded teeth; 5) self-reported alcohol users and smokeless tobacco chewers; 6) participants who had used antibiotics, non-steroidal anti-inflammatory drugs, and/or steroids within the last 60 days or had undergone periodontal therapy (such as ultrasonic scaling) within this time duration; and 7) bilateral maxillary and mandibular third molars.
General characteristics of study groups
In total, 128 individuals (128 males, aged 39 to 55 years; mean age: 45.6 ± 3.1 years) (44 in group 1, 41 in group 2, and 43 in group 3) participated in the present study. General characteristics of the study population are shown in Table 1 .
Questionnaire
Data regarding age, sex, duration and daily frequency of CS and WS, duration of each session (in minutes) of WS and CS, and family history of smoking were collected using a questionnaire. The questionnaire was administered to all participants by a trained investigator (AM).
Peri-implant clinical and radiographic parameters
Peri-implant PI, BOP, and PD were measured as described elsewhere. 17, 18 These parameters were measured at six sites per implant (mesio-buccal, mid-buccal, disto-buccal, distopalatal, mid-palatal, and mesio-palatal) and presented as mean percentages per individual. In each group, mean mesial and distal CBL were recorded in millimeters on digital periapical radiographs * using a software program. † The long cone paralleling technique was used to standardize angulations of the radiographs. 19 Total CBL was presented as mean of mesial and distal CBL. All clinical and radiographic assessments * Belmont ACURAY 071A Intra Oral X-Ray System, Takara Belmont, Somerset, NJ. † Scion Image, Scion, Frederick, MD. were performed by one experienced and calibrated investigator (AM) masked to study groups.
T A B L E 1 General characteristics of study groups
Statistical analyses
Statistical analysis was performed using a software program. * To evaluate differences in clinical periodontal parameters and CBL among individuals in groups 1, 2, and 3, Kruskal-Wallis and Wilcoxon rank-sum tests were performed. Bonferroni adjustment post hoc test was performed for multiple comparisons. Sample size was estimated on the supposition that a mean difference of 0.5 and 1 mm in CBL and PD, respectively, should be detected at significance level of 0.05. It was estimated that inclusion of 40 individuals in each group would attain study power of 90%. P values < 0.05 were considered statistically significant.
RESULTS
Implant-related characteristics
A total of 179 platform-switched implants † with moderately rough surfaces were placed in study groups. In groups 1, 2, and 3, 59 (maxilla: 24 implants; and mandible: 35 implants), 57 (maxilla: 28 implants; and mandible: 29 implants), and 63 implants (maxilla: 31 implants; and mandible: 32 implants), respectively, were placed. All implants were placed at bone level in regions of missing premolars and/or molars using insertion torque of 30 to 35 Ncm. Diameters and lengths of implants used ranged between 4.1 to 4.8 and 10 to 16 mm, respectively.
Peri-implant clinical and radiographic parameters
Peri-implant PI and PD were significantly higher among individuals in groups 1 (P < 0.05) and 2 (P < 0.05) compared * SPSS v.18, SPSS, Chicago, IL. † Straumann Bone Level Implants, Straumann, Basel, Switzerland.
with group 3. Peri-implant BOP was significantly higher in group 3 compared with individuals in groups 1 (P < 0.01) and 2 (P < 0.01). Peri-implant total MBL was significantly higher in groups 1 (P < 0.05) and 2 (P < 0.05) compared with group 3. There were no statistically significant differences in PI, BOP, PD, and CBL among participants in groups 1 and 2 ( Table 2 ).
Peri-implant soft tissue parameters and crestal bone loss with reference to jaw location
There were no statistically significant differences in periimplant PI, BOP, PD, and CBL around dental implants placed in the maxilla and mandible among individuals in groups 1 and 2 (Figures 1 and 2 ).
DISCUSSION
From a periodontal perspective, it has been shown that WS and CS have a higher clinical attachment loss, PD, and alveolar bone loss (ABL) compared with NS; 1 however, to the authors' knowledge from indexed literature, the present study is the first one to compare peri-implant clinical and radiographic inflammatory parameters among CS (group 1), WS (group 2), and NS (group 3). The present study is based on the hypothesis that peri-implant clinical and radiographic inflammatory parameters are worse in WS and CS compared with NS. Outcomes of the present investigation are in accordance with this hypothesis. One explanation for this outcome is that smoke from waterpipes and cigarettes exposes consumers to the same toxic chemicals, for example, CO, nicotine, and tar. [20] [21] [22] It has been suggested that nicotine upregulates secretion of proinflammatory cytokines (such as interleukin-1 and tumor necrosis factor-), which play a role in increasing ABL around teeth. 23 Raised levels of these proinflammatory cytokines have also been identified in the peri-implant sulcular fluid of patients with peri-implantitis. 24 Moreover, results from a recent systematic review and meta-analysis showed that nicotine from tobacco smoke impairs new bone formation around dental implants and bone-to-implant contact. 25 Furthermore, nicotine has also been reported to reduce cellular healing response and increase accumulation of oral biofilm (a potential risk factor that may lead to peri-implantitis) in smokers. 26 The present results support the study by Barão et al. 26 because numbers of peri-implant sites with plaque accumulation were statistically significantly higher among individuals in groups 1 and 2 compared with group 3. It is also noteworthy that although daily frequency of smoking was higher in group 1 compared with group 2, peri-implant PI, BOP, PD, and CBL remained comparable among individuals in groups 1 and 2. A possible explanation for this is that daily overall exposure to smoke among individuals in groups 1 and 2 was similar, that is, ≈ 112 and 108 minutes, respectively. It is known that assessment of BOP is a marker of periodontal and peri-implant soft tissue inflammation. 27, 28 However, tobacco smokers may remain ignorant of the ongoing oral soft tissue inflammatory process as they present fewer sites that demonstrate BOP compared with NS. 29 In the present study, percentage of peri-implant sites that exhibited BOP is significantly higher in group 3 compared with participants in groups 1 and 2. It has been proposed that nicotine exerts a vasoconstrictive effect on gingival blood vessels, which in turn reduces gingival bleeding in smokers compared with NS. 30 The present results are therefore in disagreement with the general perception that waterpipe smoking is less harmful than smoking cigarettes as water, in the former type of smoking habit, filters chemicals, including nicotine. A limitation of the present study is that patients with systemic diseases are excluded. It is well known that immunocompromised individuals such as those with poorly controlled DM and preDM are more susceptible to peri-implant soft tissue inflammation and CBL compared with systemically healthy individuals. 13, 31, 32 It is therefore likely that CS and WS with poorly controlled DM are more susceptible to periimplant diseases compared with systemically healthy CS and WS. Moreover, participants in groups 1, 2, and 3 were relatively young, ≈ 46 years old. It is known that advancing age is a risk factor for oral inflammatory conditions (such as periodontitis). 13 Therefore, it is hypothesized that periimplant soft and hard tissue inflammatory parameters are worse in elderly (> 70 years old) CS and WS compared with younger (< 50 years old) CS and WS. Furthermore, in the present study dual smokers (individuals smoking cigarettes and waterpipes) are excluded. It is hypothesized that periimplant clinical and radiographic status are poorer in dual smokers as compared with individuals smoking exclusively cigarettes or waterpipes. Further studies are needed to test these hypotheses.
In the present study, a family history of smoking is more often reported by individuals in groups 1 and 2 compared with group 3. This suggests that non-smoking individuals who have family members who smoke are likely to begin smoking at some point as compared with individuals without a family history of smoking. It is therefore highly recommended that community health awareness and anti-tobacco campaigns should routinely be performed to educate the public about the detrimental effects of tobacco smoking on overall health. It is also imperative to educate the public that waterpipe smoking by no means can be considered a safe alternative to cigarette smoking.
CONCLUSIONS
Peri-implant soft tissue inflammatory parameters and CBL are worse in CS and WS compared with NS. There is no difference in these parameters among CS and WS.
